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GENERALIZED ORBITAL PROJECTIONS OF A 
SUBLIMATING ICE PARTICLE
Evgeny Menkin, Ph.D.,
ARES Corporation, Houston, TX USA
evgeny.menkin-1@nasa.gov
Jack Bacon Ph.D. P.E.
NASA Johnson Space Center, Houston TX USA 
john.bacon-1@nasa.gov
2Problem statement
• In vacuum large diameter streams with high vapor 
pressures have a tendency to burst, forming an 
uncontrolled cloud of particles which subsequently 
freeze and eventually sublimate
• The behavior of the stream and the formation of 
the particles in vacuum depend on several factors 
such as vapor pressure, viscosity of the vented 
fluid, dissolved gas content, surface tension, 
surfactants and the density
• In this study we attempted to capture the behavior 
of the particle in the Low Earth Orbit, its 
sublimation and deorbit process
3Water vent movies
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7Assumptions
• Particle Model
 Spherical crystalline clear ice particle 
 No impurities or organic solvents. 
 Clear surface with no roughening
 Homogeneous with no dissolved bubbles 
 Background temperature for Earth 255K at 50 km reference altitude 
 Background temperature of Space 3K. 
 Heat flux absorption by the ice particle was calculated from complex 
indices of refraction
¾ Earth IR = 0.93
¾Direct Sun flux = 0.27 to 0.06 
¾ Earth albedo = 0.3 
• Atmospheric model 
 Particles remain in circular or nearly circular orbit 
 Initial venting altitude = 400 km. 
 The coefficient of drag = 2, characteristic of very smooth spherical 
particles. 
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Sublimation
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Particle decay rate
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Analysis
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Analysis 
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Surfactants
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Conclusions 
Uncertainties in atmospheric density, bubble inclusion, and the presence of 
surfactants all add to a large uncertainty band when forecasting exact trajectories 
for a family of candidate drop sizes in the vented plume.
Based on the results of this study we developed a flight rule that restricts any 
waste water vents by ISS three days prior to any Shuttle launch
We are in the process of refining the analytic tools to narrow the predicted range of 
altitudes and phase angles of the vented stream of particles to preclude 
intersection of the vented particles with any spacecraft in crossing orbits below the 
vent
The effect of surfactants on sublimation of ice particles should be studied further 
to evaluate the effect on sublimation rates and reduce the potential hazard of 
catastrophic event to a lower flying vehicle
Particle survival in LEO primarily depends on the density of the atmosphere at the 
time of the vent
